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1RPHQFODWXUH
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3$ 3RO\DPLGH
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($% (ORQJDWLRQDWEUHDN
,QWURGXFWLRQ
,QFUHDVLQJ FRPSHWLWLRQ GHFUHDVLQJ SURGXFW OLIH F\FOHV WKH ZLVK IRU FXVWRPL]HG SURGXFWV DQG D VKRUWDJH RI
UHVRXUFHVFDXVHWKHQHHGIRULQQRYDWLYHPDQXIDFWXULQJWHFKQLTXHVIRUVPDOOVHULHVSURGXFWLRQ$EHOHDQG5HLQKDUGW
*RLQJEH\RQG WKH VWDJHRI5DSLG3URWRW\SLQJRQ WR5DSLG0DQXIDFWXULQJ$GGLWLYH0DQXIDFWXULQJRIIHUV
SRVVLELOLWLHVIRUVPDOOVHULHVSURGXFWLRQRIFXVWRPL]HGSURGXFWVDQGDQLQFUHDVHGIUHHGRPRIGHVLJQGXHWRWKHODFN
RIWRROV+DJXHHWDO7KHODVHUVLQWHULQJRISODVWLFSDUWVLVDVLGHIURPEHDPPHOWLQJRIPHWDOSDUWVRQHRI
RQO\WZR$0SURFHVVHVZKLFKKDYHWKHFDSDELOLW\WREHXVHGIRU5DSLG0DQXIDFWXULQJLQWKHQHDUIXWXUH9',
/DVHUVLQWHUHGSDUWVDUHEXLOWXSOD\HUE\OD\HU7KHPDFKLQHSURGXFHVWKHSDUWVE\UHSHDWLQJIRXUVWDJHVIRU
HDFKOD\HU)LUVWO\WKHSODWIRUPGHVFHQGVE\WKHWKLFNQHVVRIRQHOD\HU6HFRQGO\SRZGHULVVSUHDGDFURVVWKHEXLOG
SODWIRUPE\DOHYHOLQJUROOHURUFRDWHU7KLUGO\WKHOD\HULVSUHKHDWHGWRDWHPSHUDWXUHFORVHWRWKHPDWHULDO¶VPHOWLQJ
SRLQWE\DUDGLDQWKHDWHU7KHQD&2ODVHUEHDPPHOWVWKHSRZGHUE\WUDFLQJWKHDFWXDOFURVVVHFWLRQOLQHDIWHUOLQH
XVLQJDVFDQQHUV\VWHP7KHVHVWHSVDUHUHSHDWHGXQWLOWKHSDUWVDUHFRPSOHWHG*HEKDUGW
/DVHU VLQWHULQJ KDV UHDFKHG D KLJK WHFKQLFDO OHYHOZLWKLQ WKH SDVW WZR GHFDGHV+RZHYHU WKHUH LV RQO\ D OLWWOH
QXPEHURIPDWHULDOVDYDLODEOHIRUWKHSURFHVV,QDERXWWRRIDOOFDVHVSDUWVDUHEXLOGXSXVLQJSRO\DPLGH
RU SRO\DPLGH  3$  *RRGULGJH HW DO  DQG 6FKPLG  $OWHUQDWLYH PDWHULDOV DUH VHOGRP XVHG
5HDVRQVIRUWKDWDUHKLJKSULFHVDUHVWULFWHGDYDLODELOLW\SRRUPHFKDQLFDOSDUWSURSHUWLHVDPRUHGLIILFXOWSURFHVVLQJ
RUDQLQVXIILFLHQWXQGHUVWDQGLQJRIWKHSURFHVVLQJ7KHSUREOHPVZLWKRWKHUPDWHULDOVUHVXOWIURPWKHYHU\FRPSOH[
SURFHVVLQJFRQGLWLRQVLQODVHUVLQWHULQJZLWKKLJKUHTXLUHPHQWVRQWKHPDWHULDOFKDUDFWHULVWLFV7KHUHIRUHLWLVYHU\
FRPSOLFDWHG WR GHYHORS QHZ PDWHULDOV ZLWK JRRG SURFHVVLQJ EHKDYLRU JRRG PHFKDQLFDO SURSHUWLHV DV ZHOO DV D
VXIILFLHQW GXFWLOLW\ RI WKH SDUWV :LWKLQ WKLV DUHD IXQGDPHQWDO NQRZOHGJH ZDV HVWDEOLVKHG DW WKH FKDLU IRU
PDQXIDFWXULQJ WHFKQRORJ\ ZLWKLQ WKH ODVW \HDUV $LP RI WKH SUHVHQWHG VWXG\ LV WR TXDOLI\ D SRO\SURS\OHQH 33
PDWHULDOIRUWKHODVHUVLQWHULQJSURFHVV$GGLWLRQDOO\SUREOHPVRITXDOLI\LQJQHZPDWHULDOVDUHGLVFXVVHGXVLQJVRPH
RWKHUPDWHULDOH[DPSOHV
6WDWHRIWKH$UW
7HFKQLFDO OLWHUDWXUH FRQWDLQV VHYHUDO SDSHUV ZLWK H[SHULPHQWV RQ QHZ PDWHULDOV 5LHW]HO DQDO\]HG LQ 5LHW]HO
 SRO\R[\PHWK\OHQH 320 SRO\SURS\OHQH 33 SRO\EXW\OHQH WHUHSKWKDODWH 3%7 DQG SRO\HWK\OHQH 3(
)LHGOHUSHUIRUPHGGLIIHUHQWH[SHULPHQWVZLWK33 LQ)LHGOHUHWDO DQG)LHGOHUHWDO *RRGULJGHDQG
.KDOLO VWXGLHG 8+0:3( LQ *RRGULGJH HW DO  DQG .KDOLO HW DO  )UDXQKRIHU 8PVLFKW DQG 530
HYDOXDWHGWKHSURFHVVLQJRI3%7LQ*HUNHQDQG%HUWOLQJDQG(ORR'UXPPHUGHYHORSHGLQ'UXPPHU
HW DO  DQG:XG\ HW DO  QHZ 3$33 DV ZHOO DV 32033 EOHQGV IRU WKH ODVHU VLQWHULQJ SURFHVV
$GGLWLRQDOO\VRPHVWXGLHVFRQVLGHUWKHGHYHORSPHQWRIQHZSRZGHUSURGXFWLRQSURFHVVHVOLNHWKHSRZGHUVSUD\LQJ
XVLQJ RYHUFULWLFDO &2 LQ %HUWOLQJ DQG (ORR  WKH XVH RI LPPLVFLEOH EOHQGV WR SURGXFH 3$  SRZGHU LQ
'UXPPHUHWDOWKHPHOWHPXOJUDWLRQRISRO\SURS\OHQHSRZGHULQ)DQVHORZHWDO+RZHYHUQRQHRI
WKHVHVWXGLHVOHGWRQHZFRPPHUFLDOPDWHULDOV
5HDVRQVIRUWKDWDUHWKHYHU\FRPSOH[SURFHVVLQJFRQGLWLRQVLQODVHUVLQWHULQJ7KHVHUHVXOWLQKLJKUHTXLUHPHQWV
RQ WKHSRZGHUPDWHULDOVDVGLVFXVVHG LQ5LHW]HO $OVFKHUDQG6FKPLGHWDO 0DWHULDOVKRXOG
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KDYH DZLGHSURFHVVLQJZLQGRZEHWZHHQ WKHEHJLQQLQJRIPHOWLQJSURFHVVHVZKHQKHDWHGXS DQG WKH VWDUW RI WKH
FU\VWDOOL]DWLRQSURFHVVZKHQFRROHGGRZQDJDLQ&U\VWDOOL]DWLRQVSHHGVKRXOGEHDVORZDVSRVVLEOHLQRUGHUWRDYRLG
ZDUSDJH7KHPHOWRIWKHPDWHULDOVVKRXOGKDYHDVXLWDEOHUKHRORJ\DQGVXUIDFHWHQVLRQLQRUGHUWRIRUPDIODWILOP
DIWHUODVHUH[SRVXUH7KHXVHGSRZGHUVQHHGWRKDYHJRRGIORZLQJSURSHUWLHVDQGSUHIHUDEOHURXQGSDUWLFOHVKDSHLQ
RUGHUWRDOORZJRRGSRZGHUVSUHDGLQJGXULQJWKHSURFHVV,QDGGLWLRQWRWKDWSRZGHUVVKRXOGKDYHKLJKEXONGHQVLW\
DQGDVXLWDEOHSRZGHUVL]HGLVWULEXWLRQIRUWKHODVHUVLQWHULQJSURFHVV)XUWKHUPRUHWKHPDWHULDOVKRXOGKDYHDKLJK
DEVRUSWLRQRIWKH&2ODVHUEHDPZDYHOHQJWKRIP
5LHW]HO VWXGLHG LQ 5LHW]HO  WKH WKHUPDO DQG SRZGHU SURSHUWLHV WKH SURFHVVLQJ FRQGLWLRQV DVZHOO DV WKH
PHFKDQLFDO SURSHUWLHV RI GLIIHUHQW PDWHULDOV OLNH 3( 320 3%7 RU 33 7KH DQDO\]HG 3( DQG 33 PDWHULDO ZDV
SURGXFHGE\SUHFLSLWDWLRQZKLOHWKH320DQG3%7SRZGHUZDVPDGHE\FU\RJHQLFJULQGLQJ7KHQDPHGSRZGHUV
KDGDSHUFHQWDJHGEXONGHQVLW\IHZHUWKDQRIWHQWLPHVHYHQXQGHUZKLOHVWDQGDUGODVHUVLQWHULQJ3$
KDV YDOXHV RYHU   $OVR WKH SRZGHU IORZDELOLW\ VKRZHG ZRUVH YDOXHV IRU WKH 33 3( DQG 320 PDWHULDOV
FRPSDUHG WR 3$ ZKLOH WKH IORZDELOLW\ RI 3%7 LV RQO\ D OLWWOH ELW ORZHU WKDQ IRU 3$ $GGLWLRQDOO\5LHW]HO
DQDO\]HGWKHSURFHVVLQJZLQGRZVRI WKHGLIIHUHQWPDWHULDOVEHWZHHQPHOWLQJSRLQWDQGFU\VWDOOL]DWLRQSRLQWǻ7SP
7SFE\GLIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&3$.KDVDZLQGRZWZLFHWKHVL]HRI320.DQG
QHDUO\IRXUWLPHVODUJHUWKDQ3(.,QFRQWUDVWWRWKDW33KDVHYHQDELJJHUSURFHVVLQJZLQGRZRI&$OO
PDWHULDOVFRQVLGHUHGZHUHXVDEOHWRSURGXFHSDUWVLQWKHODVHUVLQWHULQJSURFHVV2QO\3%7ZDVQRWWHVWHGZLWKLQWKH
VWXG\+RZHYHUDOO WHVWHGPDWHULDOVVKRZORZYDOXHVIRUHORQJDWLRQDWEUHDN($%)RUQRQHPDWHULDOPRUHWKDQ
($%ZDVDFKLHYHG5LHW]HO
)LHGOHU SXEOLVKHG VRPH SDSHUV RQ WKH GHYHORSPHQW RI D SRO\SURS\OHQH ODVHU VLQWHULQJ PDWHULDO )LHGOHU HW DO
)LHGOHUHWDO5DGXVFKHWDODQG)LHGOHUHWDO+HVWXGLHGGLIIHUHQW33KRPRSRO\PHUV
DQGFRSRO\PHUVKDYLQJYDU\LQJPDWHULDOSURSHUWLHV:KLOHGRLQJVRKHSUHIHUUHGPDWHULDOVZKLFKZHUHDYDLODEOHDV
SRZGHU%DVLQJRQ WKHGLIIHUHQW VWXGLHGPDWHULDOV KH GHYHORSHG33FRPSRXQGVEHLQJ D KRPRSRO\PHUZKLFKZDV
PRGLILHGZLWKDFRSRO\PHU+HXVHGFRQWHQWVRIWKHFRSRO\PHUEHWZHHQDQG:LWKWKHVHPDWHULDOVKHPDGH
ODVHUVLQWHULQJWHVWVXVLQJD'706LQWHUVWDWLRQ7KHUHIRUHKHXVHGDJULQGHGSRZGHUPDGHIURPWKHGHYHORSHG
FRPSRXQGV/LNHLQWKHVWXG\IURP5LHW]HODOVRWKHUHVXOWVRI)LHGOHUVKRZDEULWWOHSDUWEHKDYLRUZLWKDQHORQJDWLRQ
DWEUHDNXQGHU$GGLWLRQDOO\DOVRWHQVLOHVWUHQJWKZDVIRXQGWREHVLJQLILFDQWO\XQGHUYDOXHVRILQMHFWLRQPROGHG
SDUWIURPWKHVDPHPDWHULDO
5HLQKDUGWFRQVLGHUHG LQ5HLQKDUGWHWDO DFRPPHUFLDOJODVVILOOHG33PDWHULDO0LFURIRO6LQWHUSODVW33
7KLV PDWHULDO ZDV DYDLODEOH RQ WKH PDUNHW IRU VRPH \HDUV +RZHYHU LW ZDV ZLWKGUDZQ IURP WKH PDUNHW GXH WR
XQNQRZQUHDVRQV5HLQKDUGWVWXGLHGWKHHIIHFWVRIGLIIHUHQWSURFHVVLQJSDUDPHWHUVRIDQ(26)RUPLJD3RQWKH
GLIIHUHQWSDUWSURSHUWLHVFRQVLGHULQJDOVRWKHSDUWRULHQWDWLRQ+HRSWLPL]HGWKHSDUDPHWHUVHWWLQJVLQRUGHUWRDFKLHYH
RSWLPDOSDUWSURSHUWLHV+RZHYHUHYHQIRURSWLPL]HGSDUDPHWHUVSDUWVVKRZDORZHORQJDWLRQDWEUHDNRIXQGHU
LQ[GLUHFWLRQ.OHLMQHQVWXGLHGLQ.OHLMQHQHWDODQRWKHUFRPPHUFLDOODVHUVLQWHULQJPDWHULDOIURP'LDPRQG
3ODVWLFV33&3+RZHYHUPHFKDQLFDO SURSHUWLHV DUHYHU\ ORZHYHQZKHQFRQVLGHULQJGLIIHUHQW HQHUJ\GHQVLW\
OHYHOV ($% LQ [GLUHFWLRQ LV XQGHU ZKLOH XOWLPDWH WHQVLOH VWUHQJWK LV XQGHU 1PPð 6FKPLG DQDO\VHV LQ
6FKPLG HW DO  DQRWKHU 33 PDWHULDO QDPHG L&R33 ZKLFK VKRZV VXSHULRU SDUW SURSHUWLHV DQG YHU\ KLJK
HORQJDWLRQDWEUHDN7KHYDOXHVDUHJRLQJXSWRRYHUIRUUHXVHGPDWHULDOZKLOHYLUJLQPDWHULDOVKRZVYDOXHV
EHWZHHQ  WR   ($% <RXQJ¶V PRGXOXV LV DERXW  1PPð ZKLOH WHQVLOH VWUHQJWK LV FLUFD  1PPð
+RZHYHUPDWHULDOKDVDKLJKSULFHDQGDOLPLWHGDYDLODELOLW\7KHUHIRUHWKHXVHIRUODVHUVLQWHUHGLVUHVWULFWHG7KH
VDPH ORZLVRWDFL\PDWHULDO IURP7ULDO&RUSRUDWLRQZDV VWXGLHG LQ=KX HW DO  DQG=KX HW DO  7KH\
DQDO\]HGGLIIHUHQWPDWHULDOSURSHUWLHVDQGIRXQG WKDW WKHSRZGHUSDUWLFOHVDUHQHDUO\ LGHDOVSKHULFDO$GGLWLRQDOO\
WKH\ VWXGLHG SDUW GHQVLW\ DQG PHFKDQLFDO SURSHUWLHV DV D IXQFWLRQ RI HQHUJ\ LQSXW $ KLJK HQHUJ\ LQSXW RYHU
-PPðLVQHFHVVDU\WRDFKLHYHGHQVHSDUWV$IXUWKHUVWXG\IURP/H[RZDQG'UXPPHUFKDUDFWHUL]HWZRGLIIHUHQW
/\QGHOO%DVVHOOSRO\SURS\OHQHPDWHULDOVZKLFKZHUHFRQYHUWHGWRSRZGHUE\JULQGLQJ/H[RZDQG'UXPPHU
7KH\DQDO\]HWKHHIIHFWRIDQWLVWDWLFDJHQWDVZHOODVIORZDJHQWRQWKHPDWHULDOSURSHUWLHVDQGWKHSURFHVVLQJRIWKH
SURGXFHG SRZGHUPDWHULDOV 5HVXOWV VKRZ JRRG IORZ WLPHV +RZHYHU EXON GHQVLW\ LV XQGHU  7KHPDWHULDO
PRGLILHGZLWK IORZDQGDQWLVWDWLF DJHQWKDVJRRGSURFHVVLQJFRQGLWLRQVZKLOHPHFKDQLFDOSURSHUWLHVDUH VWLOO ORZ
7HQVLOHVWUHQJWKLVRQO\1PPðDQGHORQJDWLRQDWEUHDNLVHYHQXQGHU
6WDWHRIWKHDUWJLYHVPXFKLQIRUPDWLRQRQWKHRSWLPDOFKDUDFWHULVWLFVRIPDWHULDOVIRUODVHUVLQWHULQJ7KHUHDUH
DOVR VHYHUDO VWXGLHV RQ WKH GHYHORSPHQW RI QHZPDWHULDOV+RZHYHU LW VHHPV YHU\ GLIILFXOW WR WUDQVIHU WKH JLYHQ
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UHTXLUHPHQWVWRWKHGHYHORSPHQWRISRZGHUV7KHUHIRUHSDUWVVKRZORZPHFKDQLFDOSURSHUWLHVRUPDWHULDOVDUHWRR
H[SHQVLYH :LWKLQ WKH ZRUN SUHVHQWHG KHUH D IXUWKHU VWXG\ RQ PDWHULDO SURSHUWLHV RI GLIIHUHQW QHZ PDWHULDOV LV
SHUIRUPHG$GGLWLRQDOO\WKHSDUWSURSHUWLHVRIDQHZGHYHORSHGSRO\SURS\OHQHODVHUVLQWHULQJPDWHULDODUHVWXGLHG
&RUUHODWLRQVEHWZHHQSURFHVVLQJSDUDPHWHUVDQGSDUWSURSHUWLHVVKRXOGEHHVWDEOLVKHGFRQVLGHULQJDOVRWZRGLIIHUHQW
ODVHUVLQWHULQJPDFKLQHV
([SHULPHQWDO6HWXS
%DVHG RQ WKH DIRUHPHQWLRQHG VWDWH RI WKH DUW WKH DQDO\VHV ZHUH SODQQHG 7KH PDWHULDOV DQDO\]HG DUH D 3(
FRPSRXQG QDPHG 5RODVHULW 3(*5 DQG D 33 FRPSRXQG QDPHG 5RODVHULW 33 GHYHORSHG IRU ODVHU VLQWHULQJ LQ
FRRSHUDWLRQEHWZHHQWKHFKDLUIRUPDQXIDFWXULQJWHFKQRORJ\DQGWKH52:$.$*52:$.LVDQH[SHUWLQSRZGHU
FRQYHUVLRQSURGXFLQJSRZGHUVZLWKJRRGEXONSURSHUWLHVIORZDELOLW\DQGDQDGMXVWHGSRZGHUVL]HGLVWULEXWLRQ7KH
IXUWKHU FRQVLGHUHG PDWHULDOV DUH D 'X3RQW 320 +RPRSRO\PHU D /DQ[HVV 3$  DQG D /DQ[HVV 3%7 7KHVH
XQPRGLILHGVWDQGDUGJUDQXOHVZHUHFRQYHUWHGWRILQHSRZGHUVE\JULQGLQJ6RPHPDWHULDOGHWDLOVDUHVXPPDUL]HGLQ
7DEOH
7DEOH0DWHULDOSURSHUWLHVGDWDVKHHWYDOXHV
DĂƚĞƌŝĂů DĂƚĞƌŝĂůƉƌŽƉĞƌƚŝĞƐ
 DĞůƚŝŶŐWŽŝŶƚ΀Σ΁ ĞŶƐŝƚǇ΀ŐͬĐŵϹ΁
ZKt<ZŽůĂƐĞƌŝƚW'Z хϭϮϱ хϬ͘ϵϮ
ZKt<ZŽůĂƐĞƌŝƚWW хϭϮϱ хϬ͘ϴϱ
ƵWŽŶƚWKD ϭϳϴ ϭ͘ϰϮ
>ĂŶǆĞƐƐWϲ ϮϮϮ ϭ͘ϭϰ
>ĂŶǆĞƐƐWd ϮϮϱ ϭ͘ϯϬ

)RUDOOPDWHULDOVSURFHVVLQJZLQGRZǻ7SP7SFZDVGHWHUPLQHGXVLQJGLIIHUHQWLDOVFDQQLQJFDORULPHWU\DFFRUGLQJ
WR',1(1,62DQGXVLQJD0HWWOHU7ROHGR'6&+HDWLQJUDWHZDVFKRVHQWR.PLQDQGFRROLQJ
UDWHWR.PLQLQRUGHUWRDGMXVWWKHPHDVXUHPHQWRQSURFHVVLQJFRQGLWLRQVLQODVHUVLQWHULQJZLWKKLJKKHDWLQJUDWHV
GXHWRWKHODVHULQSXWDQGDVORZFRROGRZQSURFHVVRIWKHSDUWVLQWKHSRZGHUEHG,QDVHFRQGVWHSWKHSHUFHQWDJHG
EXON GHQVLW\ EXON GHQVLW\ PDWHULDO GHQVLW\ ZDV GHWHUPLQHG DFFRUGLQJ WR ',1 (1 ,62  )XUWKHUPRUH WKH
+DXVQHUUDWLRWDSGHQVLW\EXONGHQVLW\ZDVGHWHUPLQHGPHDVXULQJDGGLWLRQDOO\WKHWDSGHQVLW\
 
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7DEOH3URFHVVLQJSDUDPHWHUV
DĂĐŚŝŶĞ WĂƌĂŵĞƚĞƌƐ
 >ĂƐĞƌƉŽǁĞƌ ΀t΁ ,ĂƚĐŚĚŝƐƚĂŶĐĞ ΀ŵŵ΁ ^ĐĂŶƐƉĞĞĚ΀ŵŵͬƐ΁ sŽůƵŵĞĞŶĞƌŐǇĚĞŶƐŝƚǇ΀:ͬŵŵϹ΁
K^&ŽƌŵŝŐĂWϭϬϬ 
WĂƌĂŵĞƚĞƌϭ ϭϴ Ϭ͘Ϯϱ ϰϬϬϬ Ϭ͘ϭϴ
WĂƌĂŵĞƚĞƌϮ Ϯϭ͘ϱ Ϭ͘Ϯ ϱϬϬϬ Ϭ͘ϮϮ
WĂƌĂŵĞƚĞƌϯ Ϯϱ Ϭ͘Ϯ ϱϬϬϬ Ϭ͘Ϯϱ
WĂƌĂŵĞƚĞƌϰ Ϯϭ͘ϱ Ϭ͘ϭϱ ϱϬϬϬ Ϭ͘Ϯϵ
WĂƌĂŵĞƚĞƌϱ ϭϴ Ϭ͘ϭϱ ϰϬϬϬ Ϭ͘ϯ
WĂƌĂŵĞƚĞƌϲ Ϯϱ Ϭ͘ϭϱ ϰϬϬϬ Ϭ͘ϰϮ
dD^ŝŶƚĞƌƐƚĂƚŝŽŶϮϱϬϬ 
WĂƌĂŵĞƚĞƌϭ Ϯϭ Ϭ͘Ϯ ϱϬϬϬ Ϭ͘Ϯϭ
WĂƌĂŵĞƚĞƌϮ Ϯϱ Ϭ͘Ϯ ϱϬϬϬ Ϭ͘Ϯϱ
WĂƌĂŵĞƚĞƌϯ Ϯϵ Ϭ͘Ϯ ϱϬϬϬ Ϭ͘Ϯϵ
WĂƌĂŵĞƚĞƌϰ ϯϯ Ϭ͘Ϯ ϱϬϬϬ Ϭ͘ϯϯ
WĂƌĂŵĞƚĞƌϱ ϯϳ Ϭ͘Ϯ ϱϬϬϬ Ϭ͘ϯϳ
WĂƌĂŵĞƚĞƌϲ ϰϭ Ϭ͘Ϯ ϱϬϬϬ Ϭ͘ϰϭ


Ă ď
)LJ/D\RXWRIWKHEXLOGSURFHVVD(26)RUPLJD3E'706LQWHUVWDWLRQ
$IWHUFKDUDFWHUL]DWLRQRIPDWHULDODQGSRZGHUSURSHUWLHVWKH33PDWHULDOZDVWHVWHGLQWKHODVHUVLQWHULQJSURFHVV
XVLQJDOD\HUWKLFNQHVVRIPP7KH33FRPSRXQGZDVSURFHVVHGRQDQ(26)RUPLJD3DVZHOODVRQD'70
6LQWHUVWDWLRQ  ZLWK D EXLOG VSDFH UHGXFWLRQ 9DULDWLRQ RI SDUDPHWHUV ZDV GRQH E\ FKDQJLQJ YROXPH HQHUJ\
GHQVLW\(QHUJ\GHQVLW\LVRIWHQXVHGWRGHVFULEHFRUUHODWLRQVLQODVHUVLQWHULQJ7KLVYDOXHIRUWKHHQHUJ\LQSXWZDV
LQWURGXFHG E\1HOVRQ  DQG H[WHQGHG E\ 6WDUU HW DO  DQG.DGGDU ZLWK WKH OD\HU WKLFNQHVV WR
GHILQHWKHYROXPHHQHUJ\GHQVLW\,WLVGHILQHGDVWKHUDWLRRIILOOODVHUSRZHUGLYLGHGE\EHDPVSHHGVFDQVSDFLQJ
DQGWKHOD\HUWKLFNQHVV)RUWKH33HQHUJ\GHQVLW\ZDVYDULHGEHWZHHQDQG-PPñ'HWDLOHGSDUDPHWHUVDUH
VKRZQLQ7DEOH9DULDWLRQRIKDWFKGLVWDQFHDQGVFDQVSHHGIRUWKH)RUPLJDUHVXOWVIURPDELJJHUVHWXSZKLOHRQO\
VL[SDUDPHWHUVZHUHHYDOXDWHGZLWKLQWKLVVWXG\3URFHVVLQJWHPSHUDWXUHVZHUHRSWLPL]HGEHIRUHSHUIRUPLQJWKHWHVWV
DQGVHWWR&)RUPLJDDQG&6LQWHUVWDWLRQ
7HQVLOHVSHFLPHQVDFFRUGLQJWR',1(1,62DQGGHQVLW\FXEHVZHUHSURGXFHGIRUWHVWLQJ7HQVLOHEDUVZHUH
SURGXFHG LQ[GLUHFWLRQ7KHWHQVLOH WHVWV LQFRPSOLDQFHZLWK',1(1,62DQG',1(1,62ZHUH
SHUIRUPHGXVLQJD=ZLFN=00XWL;WHQVHDQGDWHVWLQJVSHHGRIPPPLQ3DUW¶VGHQVLW\ZDVPHDVXUHGIRU
FXEHVRI[[PPVL]HXVLQJWKH$UFKLPHGHVPHWKRGDFFRUGLQJWR',17KUHHSDUWVZHUHSURGXFHGIRU
WHQVLOHWHVWLQJDVZHOODVGHQVLW\PHDVXUHPHQW
1008   Andreas Wegner /  Physics Procedia  83 ( 2016 )  1003 – 1012 
5HVXOWVDQG'LVFXVVLRQ
4.1. Material Properties 
7KHPDWHULDO SURSHUWLHVZHUHPHDVXUHG DFFRUGLQJ WR WKHPHWKRGVGHVFULEHG LQ FKDSWHU7KHSURSHUWLHVRI VL[
GLIIHUHQWPDWHULDOVDUHVWXGLHGZKLOHWZRDUHFRPPHUFLDOPDWHULDOVDQGWKHRWKHUIRXUDUHH[SHULPHQWDOPDWHULDOV7KH
UHVXOWVDUHVXPPDUL]HGLQ7DEOHXVLQJYDOXHVIRU3$VWDQGDUGODVHUVLQWHULQJPDWHULDOIURP(263$DVD
UHIHUHQFH7KHSURFHVVLQJZLQGRZWHPSHUDWXUHGLIIHUHQFHEHWZHHQPHOWLQJSHDNDQGFU\VWDOOL]DWLRQSHDNLVIRUDOO
DQDO\]HGPDWHULDOV VPDOOHU WKDQ IRU WKH 3$  UHIHUHQFH 7KH SURFHVVLQJZLQGRZ RI 3$  LVZLWK . WKH
ELJJHVW IRXQG IRU WKH DOWHUQDWLYH PDWHULDOV 7KH PDWHULDO VKRZV GXULQJ SURFHVVLQJ QR SUREOHPV OLNH ZDUSDJH
+RZHYHULWZDVQRWSRVVLEOHWRSURGXFHGHQVHSDUWVXVLQJWKDWPDWHULDO\HW3%7KDVDSURFHVVLQJZLQGRZRI.
'XULQJSURFHVVLQJGLIIHUHQWSUREOHPVOLNHZDUSDJHDQGFUDFNVRFFXU7HPSHUDWXUHZLQGRZVRI3$320DQG3(
DUHELJJHUWKDQWKHUHVXOWVIRXQGLQ5LHW]HO$UHDVRQIRUWKDWPLJKWEHWKHXVHRIRWKHUPDWHULDOW\SHVDQGGXH
WRFKDQJHGPHDVXULQJFRQGLWLRQV+RZHYHUWHQGHQFLHVDUHVLPLODUIRU320DQG3()RU320WKHWHPSHUDWXUHUDQJH
LV ZLWK  .   VPDOOHU WKDQ WKDW IRU 3$  ZKLOH IRU 3( WKH ZLQGRZ LV RQO\  . 7KHUHIRUH XVDEOH
WHPSHUDWXUH UDQJHV IRUERWKPDWHULDOVZLOO EH VPDOOHU WKDQ IRU3$$GGLWLRQDOO\ VWURQJHUZDUSDJHPD\RFFXU
7KLVLVHVSHFLDOO\DSUREOHPZKHQSURFHVVLQJ320ZKLOH3(VKRZOLWWOHZDUSDJH7KLVLVVXUSULVLQJGXHWRWKHSRLQW
WKDW3(KDV WKHVPDOOHVWSURFHVVLQJZLQGRZRIDOOVWXGLHGPDWHULDOV ,QFRQWUDVW WR3(DQG320WKH5RODVHULW33
VKRZV D GLIIHUHQW EHKDYLRU1RPLQDO SURFHVVLQJZLQGRZ LV VLJQLILFDQWO\ VPDOOHU WKDQ IRU WKHPDWHULDO VWXGLHG E\
5LHW]HODQGDOVRVPDOOHUWKDQIRU3$+RZHYHUSURFHVVLQJRIWKHPDWHULDOVVKRZVQRSUREOHPVDODUJHYDULHW\RI
SRVVLEOHSURFHVVLQJWHPSHUDWXUHVDVZHOODVOLWWOHZDUSDJH5HDVRQIRUWKDWPLJKWEHWKDWD33FRPSRXQGZDVXVHG
ZLWKLQWKLVVWXG\
7DEOHVKRZVDGGLWLRQDOO\GLIIHUHQWSRZGHUSURSHUWLHVRIWKHVWXGLHGPDWHULDOV5RODVHULW3(*5DQG5RODVHULW33
KDYHVLPLODU+DXVQHUUDWLRVRIUHVSHFWLYHO\FRPSDUHGWR WKHVWDQGDUG3$ZLWK$OVRWKHVWXGLHG
3$ KDV D ORZ +DXVQHUUDWLR RI  $OO WKUHH VKRZ D JRRG IORZDELOLW\ ZLWK D +DXVQHUUDWLR EHORZ 
$GGLWLRQDOO\ GXULQJSURFHVVLQJRI WKHVHPDWHULDOV D VPRRWKSRZGHUEHG VXUIDFH FDQEH DFKLHYHG7KHYDOXHV IRU
SHUFHQWDJHGEXONGHQVLW\RI3( OLHZLWKRQO\D OLWWOHELWXQGHU WKH UHIHUHQFHYDOXHRI3$ EXW
PXFKKLJKHUFRPSDUHGWRWKHH[SHULPHQWVLQ5LHW]HO7KHUHIRUHIORZDELOLW\DQGEXONGHQVLW\RIWKH3(DUH
VXLWDEOHIRUODVHUVLQWHULQJ7KHYDOXHVRIWKH5RODVHULW33DQGWKH3$DUHHYHQKLJKHUWKDQWKH
UHIHUHQFH YDOXH UHVXOWLQJ LQ D KLJK GHQVLW\ RI SDFNHG SRZGHU EHG ,Q FRQWUDVW WR WKDW SRZGHU SURSHUWLHV RI WKH
DQDO\]HG 320 DQG 3%7 DUH ZRUVH FRPSDUHG WR WKH RWKHU IRXU PDWHULDOV +DXVQHUUDWLR KDV D YDOXH RI 
UHVSHFWLYHO\ZKLFK UHVXOWV LQ D UHGXFHGSRZGHU IORZDELOLW\ 3HUFHQWDJHGEXONGHQVLW\ LV  UHVSHFWLYHO\
 DQG WKHUHIRUH RYHU  UHVSHFWLYHO\  ORZHU WKDQ IRU 3$7KH UHGXFHG IORZDELOLW\ DQG ORZEXON
GHQVLW\QHJDWLYHO\ LQIOXHQFHWKHSRZGHUVSUHDGLQJ OLNHSURFHVVLQJ WHVWVRI320DQG3%7VKRZV7KLVUHVXOWV LQD
FRDUVHUSRZGHUEHGVXUIDFHDQGDORZSDFNLQJGHQVLW\RISRZGHUEHG
7DEOH0DWHULDOSURSHUWLHV
DĂƚĞƌŝĂů DĞĂƐƵƌĞĚƉƌŽƉĞƌƚŝĞƐ
 WƌŽĐĞƐƐŝŶŐǁŝŶĚŽǁ;ȴdƉŵͲdƉĐͿ΀<΁
WĞƌĐĞŶƚĂŐĞĚďƵůŬ
ĚĞŶƐŝƚǇ΀й΁
,ĂƵƐŶĞƌͲ 
ƌĂƚŝŽ
WϮϮϬϬ ϯϰ͘ϵ ϰϰ͘ϭ ϭ͘ϭϱ
ZŽůĂƐĞƌŝƚW'Z ϭϭ͘Ϯ ϰϭ͘ϯ ϭ͘ϭϴ
WKD ϮϬ͘Ϭ ϯϴ͘ϴ ϭ͘ϯϬ
Wϲ ϯϮ͕ϵ ϰϲ͘ϵ ϭ͘Ϯϭ
Wd Ϯϲ͘ϵ ϯϰ͘Ϯ ϭ͘ϯϯ
ZŽůĂƐĞƌŝƚWW Ϯϳ͘ϯ ϰϲ͘ϰ ϭ͘ϭϳ

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6RPH UHVXOWV RQ SDUW SURSHUWLHV DQG SURFHVVLQJ RI 3( DQG 320ZHUH SXEOLVKHG LQ:HJQHU DQG:LWW D
:HJQHUDQG:LWWEDQG:HJQHU7KLVVWXG\ZLOOIRFXVRQWKHSURFHVVLQJRI5RODVHULW33DQGJLYHVRPH
ILUVWUHVXOWVRQSDUWSURSHUWLHVDQGSURFHVVFRUUHODWLRQV
4.2. Process correlations Polypropylene 
:LWKLQWKHVWXG\WKHLQIOXHQFHRIHQHUJ\LQSXWRQGLIIHUHQWSDUWSURSHUWLHVZHUHDQDO\]HG7KHUHIRUHFRUUHODWLRQV
EHWZHHQ HQHUJ\ GHQVLW\ DQG SDUW GHQVLW\ DV ZHOO DV WHQVLOH SURSHUWLHV DUH HVWDEOLVKHG ZKLOH WZR GLIIHUHQW ODVHU
VLQWHULQJV\VWHPVZHUHFRPSDUHG

)LJ3DUWGHQVLW\RI5RODVHULW33DVDIXQFWLRQRIHQHUJ\GHQVLW\IRUWZRGLIIHUHQWODVHUVLQWHULQJPDFKLQHV
)LJ<RXQJ¶VPRGXOXVRI5RODVHULW33DVDIXQFWLRQRIHQHUJ\GHQVLW\IRUWZRGLIIHUHQWODVHUVLQWHULQJPDFKLQHV
3DUWV GHQVLW\ RI WKH 5RODVHULW 33 VKRZV RQO\ OLWWOH YDULDWLRQ ZLWKLQ WKH VWXGLHG HQHUJ\ GHQVLW\ UDQJH )LJ 
+RZHYHUWKHUHLVDOLWWOHGLIIHUHQFHEHWZHHQWKHWZRPDFKLQHV)RUWKH)RUPLJD3UHODWLYHSDUWGHQVLW\OLHVRYHU
ZKLFKDUHYHU\JRRGYDOXHVIRUODVHUVLQWHUHGSDUWV,QFRPSDULVRQYDOXHVIRUWKH'706LQWHUVWDWLRQDUH
OLWWOHELWORZHULQWKHUDQJHRIWRZKLFKLVVWLOOJRRGLQODVHUVLQWHULQJ7KHGLIIHUHQFHVEHWZHHQWKHGHQVLW\
YDOXHVRIERWKPDFKLQHVPLJKWEHFDXVHGE\WKHPDVVLYHUROOHUXVHGLQWKH6LQWHUVWDWLRQ7KLVPDVVLYHUROOHUOHDGVWR
DELJJHUWHPSHUDWXUHUHGXFWLRQGXULQJSRZGHUVSUHDGLQJ7KLVPD\UHVXOWLQDKLJKHUFU\VWDOOLQLW\RISDUWVSURGXFHG
RQ WKH6LQWHUVWDWLRQDQG WKHUHIRUH LQDKLJKHUGHQVLW\6DPHHIIHFWZDVIRXQGIRU3$EHIRUH LQ:HJQHU
ZKLOH FRPSDULQJ DOVRERWKPDFKLQH W\SHV ,Q FRQFOXVLRQ KLJKSDUWGHQVLW\ FRPSDUDEOH WRRWKHU FRPPHUFLDO ODVHU
VLQWHULQJPDWHULDOVFDQEHDFKLHYHGIRUWKH52:$.5RODVHULW33
<RXQJ¶V PRGXOXV VKRZV GLIIHUHQW FRUUHODWLRQV WR WKH HQHUJ\ GHQVLW\ )LJ  )RU WKH '70 6LQWHUDWLRQ 
\RXQJ¶VPRGXOXV VKRZVPD[LPXP YDOXHV RI FD 1PPð IRU HQHUJ\ GHQVLWLHV EHWZHHQ  DQG  -PPñ
$ERYHWKDWUDQJHDOLWWOHGURSRIYDOXHVE\LVIRXQG<RXQJ¶VPRGXOXVLVWKHQRQO\1PPð5HVXOWVIRU
WKH(26)RUPLJD3VKRZDQRWKHUEHKDYLRU<RXQJ¶VPRGXOXVLQFUHDVHVIRUULVLQJHQHUJ\LQSXW/RZHVWYDOXHVRI
1PPðDUHDFKLHYHGIRU WKHORZHVWHQHUJ\LQSXW0D[LPXPYDOXHVRIFLUFD1PPðDUHIRXQGIRU WKHWZR
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KLJKHVWHQHUJ\GHQVLWLHVRIDQG-PPñ7KHVHDUHFRPSDUDEOHWRWKHYDOXHVPHDVXUHGIRUWKH6LQWHUVWDWLRQ
+RZHYHUKLJKHUHQHUJ\LQSXWLVQHFHVVDU\WRDFKLHYHVDPHOHYHORI\RXQJ¶VPRGXOXV$GGLWLRQDOO\YDOXHVIRUWKH
)RUPLJD VKRZ IRU VRPH H[SHULPHQWV VLJQLILFDQWO\ KLJKHU VWDQGDUGGHYLDWLRQ DV IRXQG IRU WKH'70)XUWKHUPRUH
YDOXHV VKRZELJJHUGHYLDWLRQ WR WKH ILWWHGSRO\QRPLDO WUHQG OLQH)LJ VKRZV WKHFRUUHODWLRQEHWZHHQ WKH WHQVLOH
VWUHQJWKDQGWKHYROXPHHQHUJ\GHQVLW\)RUWKH6LQWHUVWDWLRQHQHUJ\LQSXWVKRZVRQO\OLWWOHHIIHFWRQWHQVLOHVWUHQJWK
9DOXHVYDU\EHWZHHQDQG1PPð7KHFRUUHODWLRQIRUWKH)RUPLJDVKRZVDGLIIHUHQWWUHQG7HQVLOHVWUHQJWK
ULVHVVLJQLILFDQWO\ IRU LQFUHDVLQJHQHUJ\ LQSXWXQWLOD OLPLWRI-PPñ2YHU WKDW OLPLWYDOXHVRIFD WR
1PPð IRU WKH [GLUHFWLRQ FDQ EH DFKLHYHG 5HVXOWV VKRZ DJDLQ WKDW IRU WKH )RUPLJD D KLJKHU HQHUJ\ LQSXW LV
QHFHVVDU\WRJHWPD[LPXPYDOXHV+RZHYHUWKHVHDUHWRORZHUWKDQIRUWKH'70PDFKLQH5HDVRQIRUWKDW
PLJKW EH DJDLQ WKH GLIIHUHQW FRROGRZQ RI WKH PROWHQ OD\HU GXULQJ SRZGHU VSUHDGLQJ 5REXVW YDOXHV IRU WHQVLOH
VWUHQJWKZLWKOLWWOHHIIHFWRIHQHUJ\LQSXWFDQEHHVWDEOLVKHGIRUERWKPDFKLQHV/LNHIRU\RXQJ¶VPRGXOXVPHDVXUHG
WHQVLOHVWUHQJWKIRUWKH)RUPLJDDJDLQVKRZVKLJKHUVWDQGDUGGHYLDWLRQ

)LJ7HQVLOHVWUHQJWKRI5RODVHULW33DVDIXQFWLRQRIHQHUJ\GHQVLW\IRUWZRGLIIHUHQWODVHUVLQWHULQJPDFKLQHV
)LJVKRZVWKHFRUUHODWLRQEHWZHHQWKHHORQJDWLRQDWEUHDN($%DQGYROXPHHQHUJ\GHQVLW\&RUUHODWLRQVDUH
YHU\GLIIHUHQWWRWKHEHKDYLRUIRXQGEHIRUH,QFRQWUDVWWRWKHRWKHUPHFKDQLFDOSURSHUWLHV($%VKRZVDVLJQLILFDQW
ULVHRIYDOXHVZKHQHQHUJ\GHQVLW\ LV LQFUHDVHG)RU WKH6LQWHUVWDWLRQYDOXHV LQFUHDVH IURP WRRYHU
0D[LPXPYDOXHVDUHDFKLHYHGIRUHQHUJ\GHQVLWLHVRYHU-PPðDQGWKHUHIRUHIRUWKHKLJKHVWFRQVLGHUHGHQHUJ\
LQSXW:KHQ UHVXOWV DUH FRPSDUHG WR \RXQJ¶VPRGXOXVPD[LPXP YDOXHV FDQ RQO\ EH UHDFKHG IRU D UHGXFWLRQ RI
\RXQJ¶VPRGXOXV7KH FRUUHODWLRQ IRU WKH)RUPLJD VKRZV DOVR DQRWKHU EHKDYLRU DV IRXQGEHIRUH9DOXHV LQFUHDVH
VLJQLILFDQWO\IURPWRZKHQHQHUJ\GHQVLW\LVLQFUHDVHGIURPWR-PPñ+RZHYHUDGURSRI($%
E\  WR  FDQ EH IRXQG IRU HQHUJ\ GHQVLWLHV RYHU  -PPñ 2SWLPDO YDOXHV EHWZHHQ  DQG  DUH
DFKLHYHGIRUHQHUJ\GHQVLWLHVEHWZHHQDQG-PPñ:KHQFRPSDUHGWRWKHRWKHUVWXGLHGSURSHUWLHVDOOVKRZ
RSWLPDOSDUWSURSHUWLHVIRUWKH)RUPLJDZLWKLQWKDWUDQJH+RZHYHUDOVRIRU($%DVLJQLILFDQWGLIIHUHQFHEHWZHHQ
WKHWZRPDFKLQHVFDQEHIRXQG0D[LPXP($%YDOXHVDFKLHYHGIRUWKH'70DUHDERXWKLJKHUWKDQWKHYDOXHV
RIWKH)RUPLJD7KLVLVLQFRQWUDVWWRWKHUHVXOWVIRUGHQVLW\DQGWHQVLOHVWUHQJWKZKHUHDKLJKHUFU\VWDOOLQLW\RIWKH
SDUWV VHHPV WRFDXVH WKHKLJKHUYDOXHV IRU WKH6LQWHUVWDWLRQ($%VKRZDQRSSRVLWHEHKDYLRU3DUWVZLWKSRWHQWLDO
KLJKHUFU\VWDOOLQLW\KDYHKLJKHU($%5HDVRQIRUWKDWEHKDYLRUPLJKWEHDGLIIHUHQFHLQVXUIDFHVWUXFWXUH7KLVKDVWR
EHHYDOXDWHGLQWKHIXWXUH
,QFRQFOXVLRQWKHPHDVXUHGPD[LPXP($%YDOXHVDUHFRPSDUDEOHWRVWDQGDUG3$YDOXHVZKLFKUDQJHIURP
WR:HJQHUDQG:LWWE7KHUHIRUHWKHQHZGHYHORSHGSRO\SURS\OHQHPDWHULDOKDVQRWWKHW\SLFDOEULWWOH
EHKDYLRUDVIRXQGIRUPDQ\RWKHUPDWHULDOGHYHORSPHQWVLQODVHUVLQWHULQJFRPSDUHFKDSWHU

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)LJ(ORQJDWLRQDW%UHDNRI5RODVHULW33DVDIXQFWLRQRIHQHUJ\GHQVLW\IRUWZRGLIIHUHQWODVHUVLQWHULQJPDFKLQHV
&RQFOXVLRQV
7KH SRZGHU IORZDELOLW\ DVZHOO DV WKH SURFHVVLQJZLQGRZ RI VL[ GLIIHUHQW FRPPHUFLDO DQG H[SHULPHQWDO ODVHU
VLQWHULQJPDWHULDOVZDV VWXGLHG ,WZDV IRXQG WKDW D ODUJHU SURFHVVLQJZLQGRZ GR QRW DOZD\V JXDUDQWHH IRU JRRG
SURFHVVLQJ LQ ODVHU VLQWHULQJ ,Q FRQWUDVW WR WKDW JRRG SRZGHU IORZDELOLW\ LV YHU\ LPSRUWDQW IRU D JRRG SRZGHU
VSUHDGLQJGXULQJ WKH SURFHVV )RURQHRI WKHVHPDWHULDOV52:$.5RODVHULW 33 IXUWKHU DQDO\VHV RQ WKH HIIHFW RI
SURFHVVLQJ FRQGLWLRQV RQ SDUW SURSHUWLHVZHUH GRQH 7KHUHIRUH SURFHVVLQJ FRQGLWLRQV RQ WZR YHU\ GLIIHUHQW ODVHU
VLQWHULQJ PDFKLQHV ZHUH FRPSDUHG +LJK SDUW GHQVLWLHV DV ZHOO DV JRRG PHFKDQLFDO SURSHUWLHV HVSHFLDOO\ IRU
HORQJDWLRQDWEUHDNDUHDFKLHYHGIRUWKHQHZSRO\SURS\OHQHPDWHULDO
)XWXUH ZRUN VKRXOG LPSURYH WKH SURFHVVLQJ FRQGLWLRQV RI WKH VWXGLHG H[SHULPHQWDO PDWHULDOV $LP DUH WKH
HVWDEOLVKPHQW RI D JRRG SRZGHU IORZDELOLW\ JRRG SURFHVVLQJ FRQGLWLRQV DV ZHOO DV JRRGPHFKDQLFDO SURSHUWLHV
7KHUHIRUH IXUWKHU DQDO\VHV HVSHFLDOO\ RQ 3$  DQG 3%7 VKRXOG EH SHUIRUPHG )RU WKH SRO\SURS\OHQH UREXVW
SURFHVVLQJ FRQGLWLRQV ZHUH HVWDEOLVKHG \HW )XWXUH DQDO\VHV VKRXOG FRQVLGHU RWKHU SDUW SURSHUWLHV DQG HVSHFLDOO\
DJLQJHIIHFWVGXULQJSURFHVVLQJ
$FNQRZOHGJHPHQWV
7KH DXWKRU WKDQNV 52:$. $* IRU VXSSRUWLQJ WKH UHVHDUFK E\ GHOLYHU\ RI SRO\HWK\OHQH DQG SRO\SURS\OHQH
SRZGHUPDWHULDO
5HIHUHQFHV
$EHOH(5HLQKDUW*=XNXQIWGHU3URGXNWLRQ+HUDXVIRUGHUXQJHQ)RUVFKXQJVIHOGHU&KDQFHQ0XQLFK&DUO+DQVHU3XEOLVKLQJ
$OVFKHU*'DV9HUKDOWHQWHLONULVWDOOLQHU7KHUPRSODVWHEHLP/DVHUVLQWHUQ3K'WKHVLV8QLYHUVLW\RI(VVHQ
%HUWOLQJ -(ORR&9HUGLFKWHWHV.RKOHQGLR[LGDOV3UR]HVVDGGLWLY]XU+HUVWHOOXQJSRO\PHUHUXQGPLNURQLVLHUWH1DQRNRPSRVLWH)LQDO
UHSRUWQDQRFURVVHU%0%)SURMHFW;$))UDXQKRIHU806,&+7
'UXPPHU':XG\..KQOHLQ)'UH[OHU03RO\PHU%OHQGV IRU6HOHFWLYH/DVHU6LQWHULQJ0DWHULDODQG3URFHVV5HTXLUHPHQWV
3K\VLFV3URFHGLD
'UXPPHU'0HGLQD+HUQiQGH]0'UH[OHU0:XG\.3RO\PHUSRZGHUSURGXFWLRQIRUODVHUPHOWLQJWKURXJKLPPLVFLEOHEOHQGV
3URFHGLD(QJLQHHULQJ
)DQVHORZ66FKPLGW-/DXPHU76FKPLGW0:LUWK.(3HXNHUW:+HUVWHOOXQJYRQ3RO\ROHILQVWUDKOVFKPHO]PDWHULDOLHQPLWWHOV
6FKPHO]HHPXOJLHUHQ]XP(LQVDW]LQGHUDGGLWLYHQ)HUWLJXQJ7DJXQJVEDQG5DSLG7HFK
)LHGOHU / *DUFLD &RUUHD /2 5DGXVFK +-  (YDOXDWLRQ RI 3RO\SURSOHQH 3RZGHU *UDGHV LQ &RQVLGHUDWLRQ RI WKH /DVHU 6LQWHULQJ
3URFHVVLELOLW\=HLWVFKULIW.XQVWVWRIIWHFKQLN±
)LHGOHU/+lKQGHO$:XW]OHU$*HUNHQ-5DGXVFK+-'HYHORSPHQWRIQHZ3RO\SURS\OHQHEDVHG%OHQGVIRU/DVHU6LQWHULQJ
3URFHHGLQJVRIWKH3RO\PHU3URFHVVLQJ6RFLHW\WK$QQXDO0HHWLQJ3366DOHUQR,WDOLHQ3RO\PHU3URFHVVLQJ6RFLHW\±
)LHGOHU/$QGURVFK50LOHYD'5DGXVFK+-:XW]OHU$*HUNHQ-([SHULPHQWHOOH6LPXODWLRQGHU3K\VLNDOLVFKHQ$OWHUXQJYRQ
/DVHUVLQWHUSXOYHUQ=HLWVFKULIW.XQVWVWRIIWHFKQLN±
*HEKDUGW$ *HQHUDWLYH )HUWLJXQJVYHUIDKUHQ ±5DSLG 3URWRW\SLQJ ±5DSLG 7RROLQJ ±5DSLG0DQXIDFWXULQJ  (GLWLRQ0XQLFK &DUO
+DQVHU3XEOLVKLQJ
1012   Andreas Wegner /  Physics Procedia  83 ( 2016 )  1003 – 1012 
*HUNHQ -  9HUGLFKWHWHV .RKOHQGLR[LG DOV 3UR]HVVDGGLWLY ]XU +HUVWHOOXQJ SRO\PHUHU XQG PLNURQLVLHUWH 1DQRNRPSRVLWH )LQDO UHSRUW
QDQRFURVVHU%0%)SURMHFW;(USP*PE+
*RRGULGJH 5' +DJXH 5-0 7XFN &-  $Q (PSLULFDO 6WXG\ LQWR /DVHU 6LQWHULQJ RI 8OWUD+LJK0ROHFXODU:HLJKW 3RO\HWK\OHQH
8+0:3(-RXUQDORI0DWHULDOV3URFHVVLQJ7HFKQRORJ\±
*RRGULGJH5'7XFN&-+DJXH5-0/DVHU6LQWHULQJRI3RO\DPLGHVDQGRWKHU3RO\PHUV3URJUHVVLQ0DWHULDO6FLHQFH±

+DJXH 5 &DPSHOO , 'LFNHQV 3  ,PSOLFDWLRQV RQ 'HVLJQ RI 5DSLG 0DQXIDFWXULQJ 3URFHHGLQJV RI WKH ,QVWLWXWLRQ RI 0HFKDQLFDO
(QJLQHHUV3DUW&-RXUQDORI0HFKDQLFDO(QJLQHHULQJ6FLHQFH±
/H[RZ00'UXPPHU'1HZ0DWHULDOVIRU6/67KH8VHRI$QWLVWDWLFDQG)ORZ$JHQWV-RXUQDORI3RZGHU7HFKQRORJ\
.DGGDU :  'LH JHQHUDWLYH )HUWLJXQJ PLWWHOV /DVHU6LQWHUQ 6FDQVWUDWHJLHQ (LQIOVVH YHUVFKLHGHQHU 3UR]HVVSDUDPHWHU DXI GLH
PHFKDQLVFKHQXQGRSWLVFKHQ(LJHQVFKDIWHQEHLP/6YRQ7KHUPRSODVWHQXQGGHUHQ1DFKEHDUEHLWXQJVP|JOLFKNHLWHQ3K'WKHVLV8QLYHUVLW\
RI'XLVEXUJ(VVHQ
.KDOLO < .RZDOVNL $ +RSNLQVRQ 1  ,QIOXHQFH RI HQHUJ\ GHQVLW\ RQ IOH[XUDO SURSHUWLHV RI ODVHUVLQWHUHG 8+0:3( $GGLWLYH
0DQXIDFWXULQJ
.OHLMQHQ5*6FKPLG0:HJHQHU.1XFOHDWLRQDQG,PSDFW0RGLILFDWLRQRI3RO\SURS\OHQH/DVHU6LQWHUHG3DUWV3URFHHGLQJVRIWKH
3RO\PHU3URFHVVLQJ6RFLHW\&RQIHUHQFH*UD]$XVWULD
119',$GGLWLYH)HUWLJXQJVYHUIDKUHQ±*UXQGODJHQ%HJULIIH9HUIDKUHQVEHVFKUHLEXQJHQ
1HOVRQ-&6HOHFWLYH/DVHU6LQWHULQJ$'HILQLWLRQRIWKH3URFHVVDQGDQ(PSLULFDO6LQWHULQJ0RGHO3K'WKHVLV8QLYHUVLW\RI7H[DVDW
$XVWLQ
5DGXVFK +- )LHGOHU / +lKQGHO $ *HUNHQ -  3RO\SURS\OHQH %DVHG %OHQGV IRU /DVHU 6LQWHULQJ 7HFKQRORJ\ 7DJXQJVEDQG
)RUWVFKULWWHLQGHU.XQVWVWRIIWHFKQLN7KHRULHXQG3UD[LV)DFKKRFKVFKXOH2VQDEUFN±
5HLQKDUGW70DUWKD$:LWW*.|KOHU33UHSURFHVV2SWLPL]DWLRQIRU3RO\SURS\OHQH/DVHU6LQWHUHG3DUWV&RPSXWHU$LGHG'HVLJQ
	$SSOLFDWLRQV
5LHW]HO':HUNVWRIIYHUKDOWHQXQG3UR]HVVDQDO\VHEHLP/DVHU6LQWHUQYRQ7KHUPRSODVWHQ3K'WKHVLV)ULHGULFK$OH[DQGHU8QLYHUVLW\
RI(UODQJHQ1UQEHUJ
6FKPLG 0 $PDGR ) /HY\ *  L&R33 ± $ QHZ 3RO\ROHILQ IRU $GGLWLYH 0DQXIDFWXULQJ 6/6 3URFHHGLQJV RI WKH ,QWHUQDWLRQDO
&RQIHUHQFHRQ$GGLWLYH0DQXIDFWXULQJ/RXJKERURXJK8QLYHUVLW\
6FKPLG0$PDGR$:HJHQHU .  3RO\PHU 3RZGHUV IRU 6HOHFWLYH /DVHU 6LQWHULQJ 6/6 3URFHHGLQJV RI WKH 3RO\PHU 3URFHVVLQJ
6RFLHW\WK$QQXDO0HHWLQJ336&OHYHODQG2KLR86$3RO\PHU3URFHVVLQJ6RFLHW\SDSHU6
6FKPLG06HOHNWLYHV/DVHUVLQWHUQ6/6PLW.XQVWVWRIIHQ±7HFKQRORJLH3UR]HVVHXQG:HUNVWRIIH0XQLFK&DUO+DQVHU3XEOLVKLQJ
6WDUU 7/ *RUQHW 7- 8VKHU -6  7KH (IIHFW RI 3URFHVV &RQGLWLRQV RQ 0HFKDQLFDO 3URSHUWLHV RI /DVHU6LQWHUHG 1\ORQ 5DSLG
3URWRW\SLQJ-RXUQDO±
:HJQHU$7KHRULHEHUGLH)RUWIKUXQJYRQ$XIVFKPHO]YRUJlQJHQDOV*UXQGYRUDXVVHW]XQJIUHLQHUREXVWH3UR]HVVIKUXQJEHLP/DVHU
6LQWHUQYRQ7KHUPRSODVWHQ3K'7KHVLV8QLYHUVLW\RI'XLVEXUJ(VVHQ
:HJQHU$:LWW* 0DWHULDOV LQ/DVHU 6LQWHULQJ$YDLODELOLW\&KDUDFWHULVWLFV DQG1HZ'HYHORSPHQWV 3URFHHGLQJV RI WKH ,QVLGH '
3ULQWLQJ&RQIHUHQFHDQG([SR%HUOLQ*HUPDQ\
:HJQHU$:LWW*2SWLPDOH(QHUJLHHLQWUlJHIUGLH9HUDUEHLWXQJXQWHUVFKLHGOLFKHUNRPPHU]LHOOHU3RO\DPLGXQG3XOYHUVRZLH
HLQHV QHX HQWZLFNHOWHQ 3RO\HWK\OHQ3XOYHUV EHLP /DVHU6LQWHUQ ,Q :LWW * :HJQHU $ 6HKUW - (G 1HXH (QWZLFNOXQJHQ LQ GHU
$GGLWLYHQ)HUWLJXQJ%HLWUlJHDXVGHUZLVVHQVFKDIWOLFKHQ7DJXQJGHU5DSLG7HFK%HUOLQ+HLGHOEHUJ6SULQJHU9LHZHJ3XEOLVKLQJ±
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